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1 Introduction

During RAN #63 meeting, update WID ([1]) was approved. The objectives   are focused on the low complexity UE with following aspects:
“Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.”
Following open issues were identified during RAN1 #76bis:

· FFS until RAN1 #77 focusing on at least the following issues:

· Whether or not there is any need/benefits to change PDCCH search space and DCI sizes

· Impact, if any, on ACK/NAK resource allocation

· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues

· Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)

· Transmission mode(s) supported by Cat. 0 UEs

· Whether or not EPDCCH is supported

· Whether or not SPS is supported

· Issues, if any, on coverage for TDD with Cat. 0 UEs

· Details of Category 0 to be incorporated into 36.306
This contribution discusses above open issues on low complexity MTC UEs and the possible impact.
2 Open issues for low complexity MTC UEs
Open issues for the low complexity MTC UEs are discussed in this section.
· Whether or not there is any need/benefits to change PDCCH search space and DCI sizes

Reduction of PDCCH blindly decoding is considered as a cost saving method based on the assumption of PRB restriction. Changing PDCCH search space is a potential method to reduce the PDCCH blindly decoding. Reduction of PDCCH search space would lose the benefit on cost saving as no explicit PRB restriction was agreed in RAN1 #76bis meeting. 
Analysis on reducing DCI sizes is also based on the assumption of PRB restriction. For both common channel and unicast channel, there is no apparent need to reduce RA fields if no explicit PRB restriction is needed.

If no explicit PRB restriction is required, the cost of post-FFT for low complexity MTC UEs would be the same as that of Cat.1 UEs. Considering the scheduling flexibility loss and standard impact caused by reducing DCI format type, AL number and search space type, changing PDCCH search space and DCI sizes are not necessary.
Proposal 1: There is no need to change PDCCH search space and DCI sizes.
· Impact, if any, on ACK/NAK resource allocation
Considering that cross-subframe scheduling and PDSCH repetitions would not be introduced into R12, there is no impact on existing implicit ACK/NACK indication/resource allocation.
· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues
For Cat. 0 UEs, the maximum TBS shall be 1000 bits for unicast transmission. Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs depends on the maximum size of Msg3 and Msg4. Since current TBS size of Msg3 and Msg4 would not be larger than 1000 bits, during random access procedure, there would be no problem on PRB resource allocation of Msg3 and Msg4 without the knowledge of Cat. 0 UEs.
Single receive RF chain would bring 4dB performance loss in downlink for low complexity MTC UEs. In order to reduce the impact on RAR coverage, during RAN1 #76bis meeting, no explicit PRB restriction was agreed, thus eNB could use more PRBs to relieve RAR coverage issue for single antenna low cost MTC UEs. However, RAR capacity and RAR performance of legacy UEs will be impacted if a cell has large number of low complexity MTC UEs. In order to reduce the impact on RAR capacity, on way is to relax single Rx requirement for low complexity MTC UEs, another way is to identify the Cat. 0 UEs by Msg1.  If Cat. 0 UEs can be identified by Msg1, eNB can provide RAR assignment to UE according to UE’s category and the impact on RAR performance of legacy UEs can be reduced. If Cat. 0 UEs can’t be identified by Msg1, eNB would have to allocate RAR assignment based on assumption of 2Rx UEs or 1Rx UEs. If 2Rx UEs assumed, the failure probability of RAR decoding may be large for the low complexity MTC UEs and the RAR coverage issue will come back. In order to improve the performance of the single Rx low complexity MTC UEs, eNB can arrange less RAR messages assuming single Rx capability for all the UEs. But if single Rx assumed, resource waste can’t be avoided for the legacy UEs. It is not beneficial for the cell with small number of the low complexity MTC UEs. Furthermore, if Cat. 0 UEs can be identified by Msg1, eNB can separately configure Msg2 detection window for the low complexity MTC UEs, less transmission delay for legacy UEs can be ensured.
Proposal 2: Low complexity MTC UEs should be identified by Msg1.

· Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)

If simultaneous unicast and broadcast reception are not allowed, many normal UE procedures, such as simultaneous reception of system information and unicast data, and simultaneous reception of paging and unicast data etc., would be affected.  Further considering that downlink bandwidth reduction was not adopted in RAN1#76bis meeting, simultaneous unicast and broadcast reception should be supported.
Proposal 3: Simultaneous unicast and broadcast reception should be supported for the low complexity MTC UEs.
· Transmission mode(s) supported by Cat. 0 UEs

The low complexity MTC UEs can’t support MIMO features due to capability of single receive RF chain. Only TM1 and TM2 are needed for the low complexity MTC UEs. Whether or not the low complexity MTC UEs needs to support TM7 in TDD system may need further discussion.

Proposal 4: Only TM1 and TM2 are supported for the low complexity MTC UEs in Rel-12.
· Whether or not EPDCCH is supported

Based on the assumption that the low complexity MTC UEs only support TM1 and TM2, only CRS based channel estimator is needed for Cat. 0 UEs. EPDCCH is DMRS based. In order to support EPDCCH, cost increase of the low complexity MTC UEs would be expected due to implementation of DMRS based channel estimator. Further, EPDCCH may cause increased decoding delay and the need of additional subframe buffer may increase the UE’s cost.
Proposal 5: EPDCCH is not supported for the low complexity MTC UEs in Rel-12.
· Whether or not SPS is supported

Considering no technical restriction on MTC operation and SPS is not only for voice but can be used for overhead reduction on the control channels, SPS should be supported.
Proposal 6: SPS should be supported for the low complexity MTC UEs in Rel-12.
· Issues, if any, on coverage for TDD with Cat. 0 UEs

Single receive RF chain would bring downlink coverage performance loss to Cat. 0 UEs. Downlink channel may need to be compensated for TDD with Cat. 0 UEs. The impact degree on a Cat. 0 UE depends on its deployment scenario and the maximum coverage loss can be resolved by reducing the cell radius. 
· Details of Category 0 to be incorporated into 36.306

Defining Category 0 in 36.306 with maximum DL/UL TBS restriction is needed for the low complexity MTC UEs. Maximum number of supported layers for spatial multiplexing in DL is limited to 1 for Category 0 MTC UEs. The maximum number of transport block bits within a TTI to be decoded for a Category 0 MTC UE is restricted to 1000 bits for unicast traffic and 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI. 
3 Conclusion

In this contribution, we have discussed the open issues for the low complexity MTC UEs.  Based on our analysis, we propose:
Proposal 1: There is no need to change PDCCH search space and DCI sizes.

Proposal 2: Low complexity MTC UEs should be identified by Msg1.
Proposal 3: Simultaneous unicast and broadcast reception should be supported for the low complexity MTC UEs.
Proposal 4: Only TM1 and TM2 are supported for the low complexity MTC UEs in Rel-12.
Proposal 5: EPDCCH is not supported for the low complexity MTC UEs in Rel-12.
Proposal 6: SPS should be supported for the low complexity MTC UEs in Rel-12.
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